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HBR 3160=2 

Hycon proposal for Feasibility Investigation 
of a Virtual Object Detection System 

(1$ Hycon proposal tor Scientific Research 
on a Virtual Object Detection System 
for Over the Horizon Surveillance, 
dated 8 March 1957 

1(2} Hycon letter. Subject: ‘Feasibility 
Investigation on a Virtual Object 
Detection System", dated 1 August 1957 

(35 Hycon letter. Subject: "Feasibility ' 

Investigation on a Virtual Object 
Detection System", dated 23 August 1957 

/ 

Dear Sir: 

Having contributed to your present interest in the investigation of this promising 
detection technique, 1 should like to give you what supplementary information we - ' 
have that may support your decision to proceed with this significant program. 

In preparing our test plan submitted to you with Reference (3), we had looked 
into some of the physical factors involved in the phenomena which dictate the 
types of tests to be performed, and to a large extent, determine the type of 
equipment necessary to make these measurements. Also, to gain an under- 
standing of the physics involved in the phenomena, and to provide us with some 
order of magnitude as to the size of the detectable virtual body, and a basin 
for expected detection range, we have made some order of magnitude calculations 
of expected range. I must admit, however, that although considerable investi- 
gation has been made of stellar scintillation for astronomical and meteorological 
purposes that the theory to provide a basis for calculating the range of detectable 
disturbance by a supersonic vehicle, is not sufficiently well developed. However. 

I believe that the estimate bf range of a detectable disturbance as shewn in 
Enclosure 1, indicates that this phenomena extends over the range that you are 
iattrttUd in. This estimate of the size of the detectable virtual body served as 
A basis for the expected detection range increase shown in Figure 4, 3 of our 
proposal, dated 8 March 1957. 

Since that time we have put considerable thought into what is very likely the 
major factor involved in exploitation of this phenomena, and which will certain- 
ly have a direct bearing on the range results of the feasibility investigation and 
teat plan submitted to you on 23 August 1957. Thi9 key factor, affecting range 
of detection, is the recognition of this disturbance in the presence of the natural 
scintillation background. As you realize, the utility of this phenomena does not 
lie in determining the existence of image disturbance by shock waves, as its 
short range existence ha® been confirmed, but lie# in the detection range of the 
disturbance and its recognition in the presence of background scintillation. 


SUBJECT: 

REFERENCE: 
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There are two test factors which can enhance the recognition of this dis- 
turbance. The first factor is connected with the equipment proposed and is 
concerned basically with the basic equipment sensitivity for this phenomena, 

V, e have examined these equipment factors in light of prior observations and 
believe that we can maximise those factors necessary for repeatable' demon* 
stration and detection of the phenomena at the ranges mentioned in the test 
aeries. 

Because of t he prior lack of adequate instrumentation and control of the 
vehicles that has observed, it is difficult to confirm a detection STAT 

range from these observations., and his photographic plates. The fact that 
these plates are not solely his property at this time prevents my forwarding 
this supporting data to you. However., on one of these plates the lengths of 
the star trails from the initiation of the trails to the individual disturbances / 
of each track have been measured. These lengths were reduced to time 
differences and were plotted against the angular position of the disturbed 
star images. The resulting points graphed a line of uniform slope of angle 
versus time. This resulting angular rate divided into the speed of sound 
indicated the vehicle was at a range of some 15 miles and that the detectable 
virtual body was approximately 1 mile in diameter. It is highly probable that 
photoelectronic detection means having significantly greater time resolution 
and higher sensitivity would have done significantly better. 

A discussion of those factors which affect the detectability of the photographic 
equipment and of the photoelectronic equipment, are discussed in further detail 
in Enclosure 2, and Enclosure 3 of this letter. Such considerations include the 
importance of aperture size, field of view, detector sensitivity, angular reso- 
lution, frequency and time resolution, spectral region, and the Fourier spectrum 
of natural scintillation. The second major factor which will affect the recognition 
of the disturbance is the synchronization of the proposed experiments. Naturally, 
the more closely synchronised the experiments, and the more closely the photo- 
graphic, and photoelectronic records are marked at the expected time of the dis- 
turbance, the better we can recognise the signature against the natural back- 
ground. Likewise, the greater will be our assurance that the phenomena ob- 
served is the desired effect. This synchronisation factor is of lesser im- 
portance to the photographic recording because of the high degree of correlation 
that is accomplished visually when looking at many star trails. Natural scintil- 
lation, of course, is not correlated over more than a few minutes arc, and this 
correlation distance should decrease with frequency. Therefore, natural effects 
can be discriminated photographically from a shockwave whose effect correlates 
over many degrees of arc. 

The required synchronization will be accomplished by existing radar range 
instrumentation supplemented by either or both pilot announcement of his po- 
sition over existing markers on the night photo course and/or the use of a 
spotting telescope at the observation site trained on the running lights of the 
aircraft. 
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Although the initial series of tests have been proposed to be performed at 
Edwards Air Force Base, because of its proximity and. because of its night 
course, and although we feel that sufficient data can be obtained at this test 
site to substantiate an early exploitation of this phenomena* it is our belief 
that tests could be performed at alternate test sites such as the Naval 
Ordnance Test Station at Inyokern* and at Patrick Air Force Base, in Florida,, 

A 3 you may realise* the major portion, of the cost involved is in preparing the 
equipment* arranging for its portability, and in obtaining the initial results* 
Subsequent tests as may be necessary for further acceleration in exploiting 
this detection technique would, of course, involve a lower rate of expenditure. 

To. give you a more appropriate picture of the men who will contribute to thia 
program, 1 would like So discuss each of them and how their participation will 
enhance the success of this investigation, 

STAT 

Bec ause the disco very and suggestion of this detection technique originated 
with and because much of hie extra time has been spent in exanSTATr 

thia ynvuwnciia, his interest and knowledge of the field will be an important 
factor in the success of this investigation. Confirming his interest and that of 
Hycon's has been our mutual recognition of the potential of this technique and, 
in addition, our efforts t o interest those groupB having application for it* I 
feel that the experience a command on this specific phenomeftSTAT 

and upon stellar characteristics* is necessary to the early success of this type 
of an investigation. 

STAT 

Many topics which lie withi: > experience will assist this invesSTAT 

gation of the Virtual Object Detection System, both in fundamental analysis and 
in practical detail. Part of the work which he conducted while with the Physics 
Division of NOTS dealt with ultra high speed electro-optical devices* including 
the application of image tubes as electronic high speed shutters; in addition, he 
developed a flying-spot photoelectronie microradiometer for use in quantitative 
spectroscopy. His acquaintance with statistics in physics has occurred in many 
roles: Jtn the determination of the statistical effect of thermal oscillation in 
crystals upon their X-ray diffraction patterns; in the application of probability 
theory and various phases of communication theory to the analysis of submarine 
detection and acoustic homing; in a theoretical and experimental study of surface 
wind turbulence and its effect on ground -launched rocket dispersion; and cur- 
rently, in his analysis at Hycor* on automatic mapping instrumentation involving 
image correlation in two dimensions. 
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(continued) 


STAT 


In addition, constant involvement with applied mathematics STAT 

as head of scientific computing, ar.d subsequently, weapon system evaluation 
for NOTS, equips him well to assi3t in the conduct of the project, both in its 
theoretical phases and in its detailed engineering and data reduction phases. 


STA' 


With Hycon Ivlfg, Company, he has worked on airborne photographic projects 
involving advanced mechanical, optical, and photographic problems. His 
design and field experience in mechanics and optica will be an important factor 
in the preparation and use of the equipment for this investigation.. 
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Physicist 


has specialized isa optical design for the past ®e\'en years, 


although primarily connected with optical design he has been involved m 
both the laboratory and field testing on a 'wide variety ol photographic and 
photoeleetronic equipment* His experience with large aperture and long 
local length optical equipment will directly aid in preparation of the equip- 
merit and insure its sufficient optical quantity to implement these tests. 


S,S, in E.E.; M,S, in Ma thematic s 


STAT 

STAT 


STAT 


The more than seven years experience oi in electronic STAT 

development and electronic instrumentation with military communications 
equipment and missile guidance systems, will insure the adequate selection / 
and assembl y of the ph otoelectrome detection and recording equipment for 
these tests. circuit theory and mathematics background enables him STAT 

to directly implement tbs desired amplifier and filtering characteristics necee° 
eary to provide greatest discrimination against natural background for opti- 
-miring detectivity of the phenomena.. 


X believe that the men discussed above provide both the experience and judgment 
and can completely surround the equipment and field teat problems involved in 
this investigation. The development construction and field operations associated 
with photographic, electronic, optical, equipment in both the visible and infra = 
red spectrum has been one of Hyeon's unique skills for the past nine years. As 
a company, Hy con's experience in this area provides the necessary continuity 
for the further exploitation and acceleration of this program. 


X would like to assure you that my interest in the phenomena discovered and 
its exploitation first suggested by 
3 trust that the above information 


will be my prime responsibilitySTAT 
confirms our interest in, and our ability to 
perform, and assists your decision to proceed with this first step in the utilisation 
of this significant discovery. 


Enc„ ® Estimate of Increased 
Detection Range 

Enc„ {2} * Hycon Internal Memo, 

dated 4 October 1957, subject’ 
"Photographic Recording". 

En.c, $3) » Hycen Report, HP-54, 
entitled, "Considerations on She 
Use of a Photomultiplier and 
Telescope for Virtual Object 
DetectioR", 


Very truly yours, 

HYCON MFC. COMPANY 


Director of Research 
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V 


NOTES ON SCATTERING AND REFRACTION 
BY A SHOCK WAVE - ESTIMATE OF 
INCREASED DETECTION RANGE 


1. SCATTERING AND REFRACTIVE INDEX 


The fact that the velocity of light in matter is different from that in a vacuum is 
a result of scattering. The resulting scattered waves from individual molecules 
interfere with the primary wave bringing about a change in phase which is equivalent 
to an alteration in wave velocity. 

Suppose plane waves strike an infinitely wide sheet of transparent material with 
a thickness small compared to a wavelength. 



The disturbance resulting will consist of the original wave plus the sum of the 
scattered waves. 

The energy scattered by a single atom is proportional to the scattering cross 
section o" , which is that part of the area presented by the atom to the oncoming 
waves which is effective in scattering these waves. 


Since the energy is proportional to the square of the amplitude, the amplitude 
scattered from one atom is proportional tolTo" . If there are N atoms per square 
centimeter and the sheet has a thickness t, Es =1 Nt the total electric vector 
at P becomes _ °° _ which can be 


E + Es = sin 2irx + 'll cr Nt 


OO 

2tirr dr 
R 


sin 2 ttR 


1 
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integrated to obtain E + Es = s inf lux +1^"Nt\J 

The phase of the wave at P has been altered by lfcP~ 

NtX 

The presence of a lamina of thickness t and refractive index n retards the 
phase of a wave by 2nt (n- 1) by definition of n. 

X 


Thus: nTo^NtX = 2ir(n-l) t and finally n = 1 f 1 NX 2 ^llr which shows how 
X 2ir 

the refractive index n is related to the number of molecules per cubic centimeter 
N, to the wavelength X and to the scattering cross section 0". This can be written 


is the density of a gas, o normal atmos- 
pheric density and G is the Gladstone-Dale constant. 


for a gas lamina, n = 1 + G — — where 

r 

O 


2. pEVIATION OF A LIGHT RAY PASSING THROUGH A SHOCK FRONT 



nj sin 01 = n£ sin 02 

njcosoCi = n£ cos 0 C 2 

OC.l» cCz ■■ a ‘° 

cos 0=1 - 0^ + . . . 

2 ! 

f 

2 
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2! V 2! / 


n l - n 2 = - n 2 OC 2* 


Deviation angle = cC = 


2 < n l ~ n 2 ) 
2 


For a shock front 1 atmosphere above ambient and if we assume that 
n = 1 + G where G = . 000294, and f> = 2 ^ o then nj-n 2 = . 000294 x 2 = 


10 


n 2 - 1 


OC= (6 x 10" 4 ) l ! z 
oC = 2. 2 x 10 -2 radian 


Thus deviation angle, ©C , for this case is about a degree which explains the 
rather large deviations encountered in shadowgraphs of shock waves. 


3. LIGHT SCATTERING BY TURBULENT FLUCTUATIONS 

In a turbulent media the light can be scattered by the vortices and fluctuation 
in the media. This effect causes the scatter propagation noticed with microwaves. 
The fluctuations in density do not seem to be so important as the fluctuations in 
humidity. (Villars and Weiskopf - 7). For radio waves it has been studied also 
by Booker and Gordon - 6. The fluctuations deviate the ray, and also cause the 
energy to be scattered out of the principal ray into a narrow cone. 

The angular size of the cone depends on the mean size of the turbs, the theory 
is in rather poor shape at present. 


3 
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4. DERIVATION OF, EQUATION FOR DEVIATION OF LIGHT RAY IN DENSITY 
GRADIENT 




R-x 

(R-x)v^ = Rvj 


R(v 2 - Vj) '= xv 2 


R = xv 2 


V 2 " V 1 


Substituting for the refractive index R= n. 


- *4 


(- --) 

V n 2 nj / 


111 - Ti- 


ll 


1*4 


Therefore: 


1 

R 


n l - n 2 


1 

"n, 


in the limit where x-^-o, n^ - n 2 

x 


1 _ An 
■R ~n 


^n 

3x 


4 
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Suppose for simplicity we let the stellar line of sight be normal to the 
gradient then 1 _ grad n if n has only an x component of variation 


R n 

1 .1 3n 
R n 3x 

ds _ ds 5n 
R n Bx 

letting ds = dx 
ds = d0 = dn 

TC ~ 

6 = In n - In n 1 
n = 1 + K e 
In n~ K p 

e = K(g> -e X ) where 
K = 0. 000294 

~~T 

0 = 0. 000294 (? - ? !) 


e 


If we assume that our optic al 
instrument is capable of detecting 
^ 1 second of arc deviation, then 
we may calculate the density 
gradient producing it. 

0=1 second = 


V 

<* 



•e i = 


60x60x60 

1 


216000 
= 1 2 


radian 


1. 5 x 10" 2 


216000 x . 000294 63.5 


Therefore the density gradient producing 1 second of arc deviation must be 

d Jjl. 5 x 10”2 for ds = dx 
Pc 

However, in the more general case the shock radius is sufficiently large such 
that the light should traverse a path length through the shock gradient many times 
the thickness of the gradient. 


Thus for ds = 10 dx 
ds = 100 dx 
ds = 1000 dx 


d-? Zl. 5 x 10" 3 

-e 

d_p_~l. 5 x 10" 4 

e 

d£_£Tl. 5 x 10- 5 
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5. ESTIMATE OF SUPERSONIC AIRCRAFT DETECTION RANGE 

Let us assume that the energy in a shock wave decays exponentially at long 
distances from the source and that the supersonic aircraft produces a shock wave 
of one atmosphere amplitude (10& dynes /cm 2 ). Such an aircraft is just audible 
at 10 miles. Since the threshold of hearing is 2 x 10"^ dynes /cm 2 , the wave has 
thus decreased in amplitude 10 orders of magnitude in ten miles. 

If we assume that it decays at the rate of an order of magnitude per mile, 
then it will decay 3 orders in 3 miles. 

This pressure will then be 1(?3 dynes 

cm 2 

dg = d? = 10-3 

g ? 

Thus from paragraph 4 for a value of ds = 10dx the estimated radius of the 
detectable virtual body would be three miles. This would correspond to an i n- 
crease in the detection horizon (using the approximate horizon formula, D = 7 2h 
where D is in miles and h is in feet) of D "^32000 175 miles. 
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1 October 1957 

- .,; *: , V _;- 


TO: 

FROM: 
SUBJECT: ■ 


W. Q. Nicholson 

P 0 Rosenblum 


SUBJECT: ; . ' v '?'• 'Photographic 'Recording; lor r. \v“ ;Vv 

V. •" '. ;t 'r ^.Object- be*ectt^SFs1*m v ^%^i^f^'fp-' { V 
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3. In order to determine 'the maximum streak, rates which can be used, the 


relationship between streak velocity, lens aperture, and star magnitude is 

■ v. .• f ~ 9 "- «*£> •"• ■< 

ri#» rtvAri aft tmtAM/S* 


;■•■,[! 
.\*VA . 


derived as follows : 

' CD 


TTJ'jtr 

. ' s> : :{s y/' ; 

where: •< M - magnitude 


... 



. Stars as faint as 7th ihagn&ude.g^ strealcs'ip^lius'/ yre have 

established the .reference conditions:^ ; •"yyLViSy -t C. * ' 

• 1 4 y *' v » * v’Sit» , t v .'*••• . '' -i .yv vt'.-'y: \ ••' ,l “• . : y H$^*‘**; | :.y *. J 

> * wi . «•••** »*»■*.- *, * •*, >* cv«- * '**!.*» i^iar l ™1 _ 4 •2*5 n 'ILenfi anerturel 


D V 

Vj 


3, 25” (Lens aperture) ; 

, 00107" /sec (Streak velocity) 


m 

Kg$ 

fi*A 

fcx-A 

life' 

feiv 


; Mi ® 7 (Faintest stellar magnitude detected) 
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or s 5 log *-*2 / 2. 5 log « 00107 ^ 7 

3.25 V 2 

7i we wish to detect 5th magnitude stare with asa 8 inch diameter Sens 
then m2 s 5 and Dg - 8" 
and Vg 2 . 017 "/sec (streak velocity) 


This is over six times the diumal motion for a 40" F„ L. Jens. We can expect 
to tneve&ae this permissible rate by using special high speed emulsions, or 
limiting higher streaking rate tests to brighter (and fewer) stars. 

4. . The equipment which is preferable for the initial tests from the standpoint , 
of availability and size is the 40" f/5 Baker lens using an A-9B (9" x 9") 
Magazine. This high quality cartographic lens can be obtained locally and 
comparative optical bench tests made to select the best lens from a number of 
them that are available « Our A-9B, 3.M. C. Magazine can be modified to 
provide adequate smoothness (less than 1% velocity variation) for a variable 
•peed film transport. 1 

A pulsed timing light can be inserted in the camera magazine to provide time 
reference marks on the film. Star patterns may be identified for time reference 
by momentarily capping the lens. 

The field of this camera with the Baker lees will provide a minimum of seven 
star trails using .017 inches/sec film velocity (about seven times the stellar 
diurnal motion). This should be adequate for correlation on the initial tests. 

It would also be desirable at greater ranges to have available the 80" F. L« f/8, 
2-1/4" x 2-1/4" Jonel Mirror Lens. This high resolution cinetheodolite lens 
is available from John H. Ransom Laboratories. 

The larger aperture and higher resolution of this lens will allow a finer time 
discrimination in the streak image, or by slowing the streak velocity,, fainter 
and hence, more star trails may ba recorded to fill the narrower field angle. 


STAT 
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TABLE S - Average Star Density 


Magnitude 


N©o 

Stars 


Cumulative 


Mea.» Average 
{ ago degrees /etar) 


l 

20 

20 

2060 

2 

65 

85 

486 

3 

190 

275 

150 

4 

425 

700 

59 

5 

1100 

1800 

23 

6 

3200 

5000 

8 0 3 

7 

8200 

13200 

3. 1 

8 

22800 

360000 

1.15 

9 

62000 

98000 

0.42 

1° 

166000 

264000 

0. 15 

11 

431000 

695000 

0.017 
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_* Figure 1 

Star Trails showing Pleiades and Hyades. Taken with: Wollensak 
Camera - 3-1/4" aperture, 17" F. L. , 5" x 7" Tri-X Panchro Plate. 
Exposure; 5 minute, diurnal motion only. 
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Considerations on the Use of a Photomultiplier and Telescope 

for 

Virtual Object Detection 


GENERAL 


This memorandum discusses the problems involved in the use of a photomultiplier 
telescope and recording system for the purpose of detecting the perturbation ot 
star images due to weak atmospheric shocks. As has been proposed by Dr, Zwicky, 
objects of military interest which create growing shock configurations may be de- 
tected at long ranges by the effect which the "virtual objects" produce on discrete 
star images. The phenomena involves both displacement of the image and modu- 
lation of intensity,, depending on the detailed mechanism of the interaction between 
the shock front and the light wavefront, { 

The experimental configuration is illustrated in Figure 1, As the shock front be- 
comes tangent to the light ray from the star e the wavefront of the light is per- 
turbed with the result that the star image is altered. The nature of the alteration ’ 
of the image depends on the spatial distribution of the matter which constitutes 
the front. If the spatial scattering structure is non-stochastic in character, co- 
herent scattering occurs and image formation is not significantly impared. The 
image may be moved or distorted; this effect is associated with refraction. 

If the scattering structure possesses only a radial distribution function, and is 
random in its nature, the scattering results in a statistical superposition which 
no longer possesses phase. The result of such scattering is to diffuse the image 
rather than to displace it. 

Since the shock phenomena are both highly transient and discontinous in nature, 
it is expected that the interaction of shock waves with stellar rays will produce 
both the refractive effect of displacement and the scattering effect. For purposes 
of detection, it is desirable that the total received energy vary markedly with the 
passing of the shock. Since the refractometer effect (that of occulting the ob- 
jective) and the scattering effect (that of scattering the image out of the aperture) 
both lead to energy loss, the received energy can be expected to vary, regardless 
of the detailed mechanism, 

STELLAR SCINTILLATION 

The proposed experiments might be considered an extension of the phenomenon 
of stellar scintillation, which is due to the disturbance of the star wavefronte by 
turbulent blobs and other atmospheric inhomogeneities. By the same token, 
natural stellar scintillation is the background against which we must detect dis- 
turbance by the virtual object. We should, therefore, optimize the equipment for 
discriminating against natural scintillation to extend detection of the virtual object 
effect. 
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STELLAR SCINTILLATION {cont inued) 

Much work has been done oa stellar scintillation* An excellent summary of 
this work has been published by F, Nettelblad in 1953, (Reference 1)* The 
results of his investigations substantiate that scintillation is the result of 
localised pertui’bations o X the wave trout due to atmospheric inhamogencities. 
The magnitude of the scintillation is dependent upon zenith distance, telescopic 
aperture., and atmospheric conditions. The fluctuations are greater if the star 
is observed through a filter, because the averaging of chromatic paths through 
uncorrelated scattering regions is thus eliminated. The amplitude of spectral 
components of scintillation decreases v/ith increasing frequency. W e should 
make use of these dependencies to optimize the detection of weak shocks in the 
presence of the noise background of natural scintillation, 

OBJECTIVE SIZE 


A large objective favors photoelectric observation by admitting a large number 
of photons. The time of observation (or time constant) over which the collected 
photons are averaged must embrace a sufficient number of arrivals to )ioid the 
shot ^noiee to an acceptable level. Further, a large objective reduces scintal = 
lation through spatial averaging. Since we seek to supress natural scintillation 
rather than to observe it, it is apparent that we should increase the objective 
diameter until we begin to also average out the perturbations due to the shock 
front. Since the dimensions of such perturbed regions are not fully known, it 
is difficult to estimate the optimum size for the objective. However, a report 
by Cassen and Ritter indicate that the thickness of a conical shock at greater 
distances increases as the square root of time after initiation. Thus, shock 
thickness should be approximately the square root of its radius. This would 
allow use of a relatively large objective, say, 10 inches or larger. 

J.- A- Hall {Reference 2) has reported that natural scintillation decreases Iine= 
arly with aperture above tea inches. It is also reported that the amplitude in~ 
creases for much smaller apertures (3 inches). The measure of the effect has 
been confused by inadequate statistical definition of the quantities to be measured. 
The computation of estimates is made difficult by the expression of scintillation 
in the form of "Upper Limit of Scintillation" , rather than in meaningful moment 
form. 

For example, Whitford and Stebbins (Reference 3) found that ±40% scintillation 
was obtained by using a 50 millisecond averaging time with a 4 inch aperture; 
thus, in order to reduce natural scintillation to, say, 5%, the aperture must be 
increased to 32 inches. Another set of experimental observations gave ±6% for 
a 60 inch aperture. On this rough basis we may expect ±16% natural scintillation 
with a 10 inch objective when averaged over 50 millisecond periods. Much higher 
fluctuations were obtained by Butler (Reference 4) with a 15 inch aperture and one 
millisecond averaging time. However, the units are not comparable. 
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AVERAGING TIME 

The averaging time has an effect upon observed scintillation magnitude which 
depends upon the frequency spectrum of scintillation. Gifford and Mikesell 
i * ™ 5) , have dete *mxned the spectrum of the scintillation of Vega ob- 
served through a 4 inch telescope by determining the fluctuation power in a 
6 cycle bandwidth centered variably below 120 cycles per second. The ob- 
served amplitude is inversely proportional to frequency except for the fre- 

ToT:i;rr b !!° W 10 ? S; 14 appear3 that th « use of a heps bandwidth below 
tL Vu u at the 1PW fr ^«hcy end inconclusive: Because of 

fluctuati^r Cter th * 8pectrum ' Poetically all of the natural scintillation 
fluctuation power is contained in the frequency band below about 100 cps. It 

bv u^r: P r ibl Vi 0 alSO di8cri(minate a S ainst the scintillation background 
by using a high pass filter which rolls off below about 100 cps. To avoid the 

end'fnTh nt > bandwidth, it is also desirable to cut off the upper 

nd in the vicinity of a thousand cycles; shaping of the filter characteristic can 

t^hil t OSciUat ° r V Response. The use of such a filter will enhance the de- 
tectabihty of rapid chafes due to shock front, against the natural scintillation 
background. Were the spectra of both scintillation and the shock response 

(fc/.ren« b ' by «echni,u„ need by 

aperture size 

of a alar, it i. necessary to use an aperture or 
from ld throughwhich the eter image ie focussed in order to eliminate light 

1. ’ m ° r K '^ C ' fiClUy ’ ,he *“<* » ky - The aperture muet 
ft. su . .7 J T 11 " background light but large enough to in.ure that 

Jn«^ m00th " c r th ' * ele * c °p* driv « very important in determining the 
ll mm? J .‘ mc * * he var * ance of theater image location ie th.*um of 
£ti™ V2T” nVe ,f rr ° r “ d ,he mean square displacement due to ecinttl- 
^“ r "* er - ** w ‘ Ube recognieed that a given eperture corresponds only 
“ miU probabmty of escape of the image from the detector area. 

Woodward^T"* mU “' U *° b * in probabilistic term.. 

deteetTon .1 rlda r , e ^ Ce . CU “" 6 ,hi, > Nearly in connection with th. 

detection of radar signal, in noise; the use of "inverse probability" provide. 

an analytical basis which is well matched to humen experience and understand!., 

The selection of the optimum aperture for detection of weak shocks in the 
presence of stellar scintillation depends upon: 

1« "Seeing” conditions 
2« Star magnitude 
3e Drive smoothness 
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APERTURE SIZE (continued) 


4. Image motion statistics due to 
scintillation. 

5. Observing time as determined by 
filtering. 

6. The statistics of shock signatures. 

The last item in the list is largely unknown and is very difficult to predict an 
a practical sense, both because of uncertainty in the statistics of the theoretic 
cal model, and because of the widely varying aspects which the shock may assume 
relative to the observer in different experiments. Thus, typical shock signatures 
can best be sought through experiment. 

The contributions of scintillation to apertuy© diameter may be judged by the rule- 
of -thumb used at Palomars two seconds of arc plus twice the seeing diameter of 
the star under observation. Since seeing is in the region of 1 to. 4 seconds of arc, 
the aperture should be in the range of 4 to 10 seconds of arc, or greater, as 
limited by the smoothness of the clock drive. 

COLOR FILTERING 

The stellar scintillations observed simultaneously in different color bands are 
relatively uncorrelated, presumably because the rays leading to the formation 
of stellar images follow adjacent but different paths through the scattering 
structure. The color distinctions are reported to diminish rapidly with in- 
creasing objective diameter, indicating that the effect is small scale. However, 
all scintillation effects show this dependence on objective size. 

For the detection of sharp wavefronts, such as occur in atmospheric shock 
waves, it is conceivable that the blue rays, for example, might be refracted 
out Of the objective while the red ones were not yet affected, resulting in a 
convolution, or smearing out, of the shock effect. Color filtering should be 
used, therefore, despite the light loss, to improve the experimental resolution. 
We should count on the size of the objective to reduce the unwanted enhancement 
of natural scintillation by color filtering while usinj; it to improve the sharpness 
of response to shock refraction. A filter providing blue transmission should be 
considered first, 

ELECTRONIC PHOTOMULTIPLIER 


The star image in the plane of the aperture should be diffused upon the photo 
emissive surface,/ 
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ELECTRONIC PHOTOMULTIPLIER (continued) 

The light energy by star magnitude is as follows? 

ms » 2 t 5 log 10 4- 

*o 

where I 0 s 3. 1 x 10" watts/crr. 2 (Reference 8) 

At 0. 556 microns, one watt is equal to 621 i'.umesns. Morton at al (Reference 9) 
give the constant of proportionality between brightness and photon emission as 
i<, 3 x 10 photons per second per lumen. 

Vega is reported to be 0P1 with respect to S-4 photosurface (Reference 8); the 
corresponding incident energy is then 2. 8 x 10“* 3 watts /cm 2 or 1.75 x 10“ 10 l 
lumens/em . Assuming an objective area of 1275 cm 2 (10~inch diameter), one 
collects 2. 18 x 10* lumens, corresponding to 4. 8 x 10 6 photons per millisecond. 
The photon shot noise is thus very small, approximately 0.05%. 

!> 

The efficient photocathodes yield 50-100 microamperes per lumen (Reference 9), 

40 microamperes per lumen for the lower noise 1P21 photomultiplier (Refer- 
ence 10) The current gain achieved is 2 x 10 6 . Thus, the anode current yield 
is about 80 amperes per lumen. For Vega viewed through a 10 inch objective, 
one obtains an anode photocurrent of approximately 16 microamperes. 

The equivalent noise input for the 1P21 photomultiplier is 5 x lO"* 3 lumens per 
cycle of bandwidth. A bandwidth of 1000 cycles per second is thus associated 
with 5x10 lumens equivalent noise; the aig<ial-to-noise ratio is about 1000. 
This indicates that from an E. N. I. standpoint that the smaller objectives and 
lower magnitude stars will be permitted. 

Added to the photon noise and the photomultiplier dark current fluctuation is noise 
arising from the variable secondary electron yield in the photomultiplier. The 
origin of this noise has been discussed by Morton (Reference 10). and by Pierce 

(Reference 11); the approximate result of this is that the input mean square fluctu- 
ation is multiplied by the factor 

N 

N-l 

Who,. N i. the svesreg. «Ug. get. (5 for the 1P21>. Thus, the oecondery 
statistics increase the root mean square fluctuation by a factor 1. 12. Not a sis- 
mficant amount. B 

The combined photomultiplier output capacitance (6. 5 micro-microfarads) and 

JTv Ut ,S^ B ® tray ca P acitaac * ma >' bo estimated to be about 15 micro-microfarad. 

The 1000 cycle bandwidth thus allows the use of 10 megohms as the input resistor; 
so arge a value would be necessary only for stars approaching the 10th magnitude, 
ne megohm provides a root mean square noise amplitude' of 4. 1 microvolts; the 
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It ”**• iOX * hiS 1#a4> *' 10 *PP“e»t th*t Johnson n.is. 

mportant m this case. Indeed, it appears that even 10th magnitude stars 
will not suffer noise wise from this source*, 
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